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The results indicated that for each body shape, changing from a circular- 
section body to a bottom-mounted semicircular-section body provided substantial 
positive increments in lift and pitching-moment coefficients. In addition, the 
values of maximum lift-drag ratio were increased approximately 5 ,  3,  and 6 per- 
cent above those obtailfed with the symmetrically mounted bodies for  the parabolic, 
Sears-Haack, and von Karmin bodies, respectively. The changes in cross-sectional- 
area development of the three semicircular body-wing combinations had little 
effect on the longittlinal aerodynamic characteristics. 

I 

'YIE'IED- US: 1688 
0 ROBERTSON MEIMO IATIONAL AERONAUTICS AND SPACE ADMINI#& 

- 
DATED ';/28/56 

TECHNICAL MEMORANDUM x-825 

5 '  UNGITUDINAL AERODYNAMIC CHARACTEKISTICS AT A MACH NUMBER 0 *o- ;"',.. 
OF 3.0 OF AN ARROW WING WITH BODIES OF CIRCULAR $ \'. 
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AND SElbECIRCULCIR SECTIONS* 4 
;& Q?- 

.s". > y,' By Walter A. Vahl and Waldo I. Oehman ..i. %+\a. 

SUMMARY 

An experimental investigation was conducted to determine the longitudinal 
aerodynamic characteristics of an arrow wing witn three body shapes: 
body of revolution, a Sears-Haack body, and a von K&m& ogive body. 
metrically mounted circular-section bodies and bottom-mounted semicircular-section 
bodies were tested. 
Reynolds number, based on the wing reference chord, of 2.6 x 10'. Angle of a t t a c k  
was varied from -4' t o  11'. 

a parabolic 
Both sym- 

The tests were conducted at a Mach number of 3.0 and at a 

INTRODUCTION 

A continuing e f fo r t  is being made by the National Aeronautics and Space 
Administration to develop efficient configurations for aircraft operating at 
supersonic speeds. 
Eggers and Syvertson (ref. 1) have shown that flat-top wing-body combinations 
designed for Mach number 5.0 in which half-cone bodies are used m a y  provide 
relatively high lift-drag ratios. 
(refs. 2 and 3) in which half-bodies of revolution that were designed for 
minimum wave drag at a Mch number of 5.0 were used, and these investigations 
also showed promise of efficient performance for this type of vehicle. 

From consideration of momentum theory and experiments, 

Similar investigations were conducted 
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The present investP@tion has been unaex'takkn' b t  ' t i e  *ley Unitary Plan 
wind tunnel t o  determine the aerodynamic character is t ics  of several f la t - top  
wing-body configurations having three different  body shayes designed for minimum 
wave drag at a Mach number of 3.0. 
body of revolution, a Sears-Haack body, and a von l&&,n ogive body. The tests 
were conducted with both symmetrically mounted circular-section bodies and bottom- 
mounted semicircular-section bodies. The wing used in the investigation had an 
arrow planform t h a t  was detelmined from ccnsideration of the flow f ie lds  gener- 
ated by the bodies. The tests were conducted a t  a Mach nmber of 3.0 and at a 
Reynolds number, based on the wing reference chord, of 2.6 X 106. 
was varied from -bo t o  1l0. 

The body shapes investigated were a parabolic 

Angle of a t tack  

SYMBOLS 

The force- and moment-coefficient data are  presented about the system of sta- 
b i l i t y  axes. The reference centers and reference planes are shown in figure 1. 

c wing reference chord, 10.625 in. 

C r  wing root chord, 21.25 i n .  

CD drag coefficient, Drag/qS 

CL l i f t  coefficient, Lift/qS 

c, pitching-moment coefficient, Pitching moment/qSc 

L/D l i f  t-drag r a t i o  

M Mach number 

q free-stream dynamic pressurq, lb/sq in. 

r radius of half-bodies, in. 

1 radius  of symmetrical bodies, i n .  

S t o t a l  wing planform area, 310.816 sq in. 

X distance pcrrallel t o  wing center l ine,  in .  

a angle of attack of reference plane, deg 
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Design Considerations 

The bodies of revolution chosen were a parabolic body, a Sears-Haack body, 
The bodies were designed for minimum wave drag at and a von I&&n ogive body. 

a Mach number of 3.0 according to the criteria of reference 4. 

The wlng planform was designed with the apex coinciding with the nose of the 
I body. The leading edge was swept so that it was sonic or slightly supersonic at 

M = 3.0. 
tical span and to encompass only pasitive pressure coefficients generated by the 
body. 
form ving with a ratio of root chord to body length of 0.74. 

tics using a 1/4O net. 

Furthermore, the remaining part of the wing was designed to have a prac- 

Consideraticn of these criteria resulted in the selection of an arrow plan- 
I Properties of the 
I flow fields generated by the bodies were computed by the method of characteris- 

I Models and Instrumentation 

Details of the arrow Ving with bodies of circular and semicircular sec- 
tions are shown in figure 1. 
as follows: 

The geometric characteristic6 of the models are 
1 

Bodies : 
Length, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  28.75 
Base area, sq in. . . . . . . . . . . . . . . . . . . . . . . . . . .  12.096 ~ 

wing: 
Area, sqin. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Span, in. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Rootchord, in. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspectratio. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Taperratio . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sweepback of leading edge, deg . . . . . . . . . . . . . . . . . . . .  
Sweepback of tlgiling edge, deg . . . . . . . . . . . . . . . . . . .  
Total length In streemwlse direction, wlng apex to wing tip, in. . .  
km-aerodynamic-chord location, in. : 

Lateral distance from body center line . . . . . . . . . . . . . . .  
Notch ratio, Root chord/Total length of wing . . . . . . . . . . . . .  

Mean aemaynemic chord, in. . . . . . . . . . . . . . . . . . . . . .  
Longitudinal distance from apex . . . . . . . . . . . . . . . . . .  

318.816 
30.00 
21.25 
2.82 

0 
65.5 
37-9 
32 91 
14.17 

2.49 
5.52 
0.65 

Ordinates for the bodies are given In table I. 
diamond-shaped streamwlse thickness distribution with the maximum thickness at 
the 50-percent-chord line. 

The wing had a 2.5-percent-thick 

I Forces and maneats on the model were measured with an internally mounted 
six-component strain-gagc balance. 
to the tunnel support system. 
acting on the bodlee. 

The balance was attached by means of E sting 
Provieion was made t o  measure the base pre86Ue 
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The tests were conducted in-the high Mach number test section of the Langley 
Unitary Plan wlnd tunnel, which is a variable-pressure, continuous-flow tunnel. 
The test section is 4 feet square and approximately 7 feet long. An asymmetric 
sliding-block-type nozzle allows continuous variation of Mach numbers from about 
2.3 to 4.7. 

TEST CONDITIONS 

The tests were conducted at a Mach number of 3.0, a stagnation pressure of 
23.5 pounds per square inch absolute, and a stagnation temperature of 150° F. The 
resulting Reynolds number, baeEd on the wing reference chord, w a s  2.6 x 106. 
dewpoint, measured at stagnation conditions, was maintained below -300 F to assure 
negligible condensation effects. 

The 

Angle of attack was varied from -4' to 11'. 

Transition was fixed for alltests. 
l/&inch-wide bands of No. 60 carboruc4m grains that were sparsely applied at 
5 percent of the local  streamwise chord. 

The transition strips consisted of 

CORREClIONS AND ACCURAO[ 

The maxim- deviation of the local Mach number is *O.Ol'j from the average 
value given. 
rection is required. 

Pressure gradients are sufffciently s m a l l ;  hence, no buoyancy cor- 

Angular deviation of the airflow in the test section was evaluated by com- 
paring the difference between the normal-force coefficients for tests with the 
model inverted and those for tests with the model upright. 
were adJusted to eliminate these differences. 
deflection due to aerodynamic loads has also been made to the angles of attack. 

The angles of attack 
Corrections for balance-sting 

The data have been adjusted t o  the condition of free-stream static pressure 
on the base of the bodies. 

Based upon balance accuracy and repeatability of data, it is estimated that 
the data are accurate within the following limits: 

RESUUS AND DISCUSSION 

The aerodynamic characteristics of the arrow wing with the three bodies of 
circular and semicircular sections are presented in figures 2 t o  4. 

4 
Figure 2 I s  
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for the parabolic body of revolution, figure 3 for the Se%’-Haack body, and fig- 
u r e  4 for the von K&m& ogive body. A comparison of the aerodynamic character- 
istics of the three body-wing configuraticns is presented in figure 5. 
figures show that the lift and pitching-moment variations for all configurations 
are similar and are reasonably linear. However, for each configuration, changing 
from a symmetrically mounted circular-section body to a bottom-mounted 
.semicircular-section body resulted In a substantial positive increment in lift 
coefficient as well as a positive increment in pitching-moiuent coefficient. 
addition, as a result of the positive shift in lift, the drag due to lift was 
reduced and the maximum values of lift-drag ratio increased fo r  the bottoa- 
mounted body arrangement. 
imately 3, 3, and 6 percent above those obtained with the symmetrically mounted 
bodies f o r  the parabolic, Sears-Haack, and von K&& bodies, respectively. 

These 

I n  

The increases in maximum lift-drag ratio were approx- 

A comparison of fhe.aerodynamic characteristics in pitch of the three semi- 
circular body-wing model combinations (fig. 5 )  indicates little effect of small 
changes in cross-sectional-area developnent on the stability and performance 
characteristics of these models at a Mach number of 3.0. 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Station, Hampton, Va., April 4, 1963. 
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rl x ’  r 
1.44 0.27 0.19 

4.31 77 .54 
5.83 1.01 .7-1 
7.62 1.27 . .90 
8.79 1.44 1.02 
10.27 1.63 1.15 
11.119 1.77 1.25 
12.96 1.94 1.39 
14.84 2.12 . 1.50 
15.97 2.22 1.57 
17.26 2.33 1.65 
18.77 2.43 1.72 
20.55 2.55 1.80 

2.91 .54 .3a 

21.60 2.59 1.93 
22.71 2.65 1.37 
24.01 2.69 1.90 
25.44 2.73 1.93 
27.06 2.76 1.95 
28.75 2.77 1.96 

TABLE I. - BODY DESIGN COORDINATES 

I I Parabolic body 

X 

1.00 
1.44 
2.00 
2.26 
2.91 
3.00 
3.93 
4.00 
5.00  
5.91 
6.00 
6.90 
7.00 
8.00 
9.00 
9.84 
10.00 
12.00 
14.00 
14.39 
16.00 
18.00 
20.00 
22.00 
22.54 
24.00 
26.00 
28.00 
28.75 

6 
zc 

r 
T Z r  

.49 - 67 

.80 

.82 

.49 
1.01 
1.17 
1.31 

. 38 

1.9 
1.45 
1.46 
1.59 1-n 
1.81 
1.83 
2.03 
2.20 
2.23 
2.9 
2.47 
2.58 
2.65 
2.67 
2.70 
2.73 
2.76 
2. TI - 

‘1 
0.20 

- 27 - 35 
* 17 - 57 
.58 
.70 - 71 
.83 
.93 
.94 
1.03 
1.04 
1.13 
1.21 
1.28 

1.13 
1.55 
1.58 
1.66 
1.75 
1.28 
1.68 
1.89 
1.91 
1-93 
1.95 
1.96 

1.29 

.L 

von K 6 d n  body I - 
X - 

1.00 
1.44 
2.00 
2.29 
2.98 
3.00 
4.00 
4.05 
5 .  00 
6.00 
6.12 
7.00 
8.00 
9-00 
9.53 
.o. 00 
2.00 
3.08 
.4.00 
.6.00 
.8.00 
!O. 00 
!O. 52 
2.00 
?4.00 
!6.00 
!8.w 
r8.n - 

- r 
0.28 

.38 

.49 
* 54 
.65 
.66 
.80 
.81 .* 

1.07 
1.09 
1.20 
1.32 
1.43 
1.49 
1.54 
1.74 
1.91 
1-92 
2.10 
2.26 
2.39 
2.42 
2.49 
2.58 
2.66 
2.74 
2.77 - 

4 . 3c j  

.46 

.46 

.57 

.57 

.67 - 76 
* 77 
.85 
* 93 
1.01 
1.05 
1. os, 
1.23 
1-35 
1.36 

1.60 
1.69 

1.48 

1;71 
1.76 
1.83 
1.88 
1.94 
1.96 - 
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,-Rrfrrrnce c r n t r r ( 0 . 6 2 5  c r )  

a r e f e r e n c e  -- - 

(b) Semirircular body (typical). 

Figure 1.- Concluded. 
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Figure 3.- Aerodynamic characteristics of an arrow wing vith Sears-back bodies of c i r c u l a r  a n d  
seliicircular sections. 
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F i w e  4.- Aerodynamic characteristics c.f an arrow wing vith vvn K&&n bodies of circular and 
semicircular sections. 
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Figure 5.- Canpariaon of the aerodynamic cheracter:stlcs of an arrow ving with bodies 
semicircular sectlon6. 
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